(Received for Publication February 20, 1964) It is well-known, that infants have strong capabilities for repairing fractures. Unlike mature bones, regeneration and repair are much stronger and faster in growing bones.
Fractured bones healed with some deformities, such as shortening, lateral and bending displacement, will eventually be remodelled to almost perfect condition within several years after fracture.
Many reports have been made in regard to longitudinal growth of fractured bones and remodelling of deformities, but, very few have gone into details to analyze the factors which are believed to be related to the above, such as age, time elapsed, and location, type and displacement of fracture.
The actual length of fractured shafts of growing long bones was measured on patients treated at the Department of Orthopedic Surgery, Kurume University School of Medicine, utilizing scanography as reported by Dr. Inoue of this department. Research was conducted on the relationship between the change of longitudinal growth and the above mentioned factors.
Observations were further made on the condition of spontaneous correction of displacement and deformities after the treatment. The results obtained are as follows:
The object of the survey:
The fractured shafts of long bones in patients under 15 years of age were surveyed in 114 cases, including 63 femurs, 54 tibiae, 6 humeri and 18 forearms. The average age of the patients at the time of injury was 6.1 years, and the average time elapsed after injury was 5.7 years. (Table 1) . SEIKEI MIYAGI AND TSUKASA MURAYAMA
The results of the survey:
I. Longitudinal Growth:
The change of longitudinal growth can be generally classified as follows: cases that produced acceleration of growth, and cases in which there was retardation of growth.
Acceleration of growth was noticed in 30 (83%) of 36 femurs, 34 (62.9%) of 54 tibiae, 3 (50%) of 6 humeri, and 37.5% of radius and 31.2% of ulnae. Retardation of growth was seen in 3 (8.3%) of the femur, and 1 (6.3%) of the tibiae. Retardation noticed in the radius wag slight, but on the contrary, was very high in the ulnae, one third of the total, or 5 cases (31.2%) (Tabl 2). Further, precise observation made on the extent of the longitudinal growth revealed that 12 (33.3%) of the femurs, and 10 (18.5%) of the tibiae had excessive acceleration of growth; the greatest acceleration was 21 mm in the femurs and 16.5 
Details of Changes of Longitudinal Growth
mm in the tibiae. Contrary to the above, acceleration of growth was less than 10 mm in the humeri and the forearms.
Retardation of growth was less than 10 mm in all cases (Table 3 ).
The relationship
between the age of patients and longitudinal growth:
As shown in Tables 4 and 5 , excessive over-growth of fractured lower limbs was noticed mainly between the ages of 3 and 10 years.
This tendency was particularly noticed in the femur, i. e., the 12 cases which indicated overgrowth exceeding 10 mm were all between 3 and 10 years old, with the exception of one case which was noticed in a patient over 10 years of age. The rate of over-growth was noticed to be slightly lower in infants under 3 years of age, and many cases over 11 years showed a minor degree of over-growth.
Although there were only a few cases, it is believed that the same tendency also existed the upper limbs. Relationship between Age at Injury and Longitudinal Growth (Femur) Over-growth was noticed in 9 (82%) of the 11 caes of the proximal section, and 3 (27%) of these cases indicated overgrowth of more than 10 mm; and one of the remaining 2 cases showed no change and the other showed retardation of growth. Over-growth was noticed in 15 (79%) of the 19 cases of the middle section, among which 5 (26%) indicated over-growth of more than 10 mm; and among the remaining 4 cases, 2 showed no chage and the other 2 showed retardation.
Finally, all 6 cases of the distal section showed over-growth and 4 of them indicated an over-growth of more than 10 mm, These facts show that over-growth is most remarkable in the distal section (Table 6 ). 
Relationship between Location of Fracture and Longitudinal Growth
Tibiae:
Over-growth was seen in all of the 3 cases of the proximal section and 9 (82%) o f the 11 cases of the middle section showed over-growth; but over-growth was very low in the cases of the distal section, a percentage of 53% or 20 cases among 38 case. Further, 6 cases (16%) of the distal section showed retardation of growth, and in some of them, the fractures had extended to the epiphyseal plate ( Table 6) .
Humeri: Among 6 cases, over-growth was noticed in one case of each the proximal and the distal sections; and in each case of the middle section over-growth and retardation were noticed, and the remaining two cases showed no change ( Table 7 ). 
Forearms: Among 31 cases of fractures of the forearm, 15 cases showed no change, and over-growth was noticed in 4 (22%) of 18 cases of the middle section and in 7 (58%) of 12 cases of the distal section, showing a comparatively high rate of over-growth in the latter group (Table 7) .
As shown above, in regard to the relationship between the location of fracture and the change of longitudinal growth, greater acceleration was noticed in fractures located near the metaphysis than in the diaphysis.
The relationship
between the type of fracture and longitudinal growth:
A study was conducted on the change of growth by dividing the types of fractures into two groups, namely, transverse fracture and oblique fracture ( Table 8 ). 
Relationship between Type of Fracture and Longitudinal Growth
Femurs:
Observation was made on 22 cases of transverse fracture, and 18 (86%) of these cases were found to have accelerated growth, 7 (36%) of which showed an overgrowth of more than 10 mm. Further, in oblique fractures, 12 (86%) of the 14 cases showed acceleration, 5 cases (36%) of which showed an over-growth more than 10 mm.
This proves that the rate of acceleration of growth is greater in the oblique than in the transverse fractures.
Tibiae: Over-growth was noticed in 8 (89%) of the 9 transverse fractures, and 19 (63%) of the oblique fractures, which indicates that the rate of acceleration is much lower in the latter than in the former.
Concerning over-growth of more than 10 mm, 2 cases (22%) were noticed in the transverse, and 8 cases (27%) in the oblique fractures. Four cases of oblique fracture showed retardation, and these cases were located in the distal section of the tibiae, in which the fracture extended from the metaphysis to the epiphyseal plate.
Humeri and forearms:
The majority of cases invloved were that of transverse fractures, and their comparison with oblique fractures was unable to be made. However, generally, it seems that a significant difference in change of longitudinal growth cannot be recognized by the type of fracture.
The relationship between displacement and longitudinal growth:
SEIKEI MIYAGI AND TSUKASA MURAYAMA In regard to shortening and lateral displacement, X-ray photographs taken at the time of union or at the end of treatment were utilized in observing the degree of displacement and the change of longitudinal growth.
Femurs: Among 17 cases of femoral fracture with displacement, 13 (76.4%) indicated acceleration, of which 4 (23.5%) indicated acceleration of more than 10 mm and 9 (52.9%) less than 10 mm; and in the remaining 2 cases, one case showed no change and the other showed retardation.
Four cases whith an over-growth of more than 10 mm were found after operative treatment.
Among 12 cases having a shortening of less than 10 mm, 10 cases (83.3%) showed accelerated more than 10 mm, and 10 (50 %) less than 10 mm.
Among 6 cases with a shortening of more than 10 mm, all cases indicated acceleration of growth, of which 4 cases (66.7%) indicated a high rate of more than 10 mm. Other than the above cases, there was a case which had united with 5 mm. of over-traction, resulting in an over-growth of 7 mm., and therefore, in a length 12 mm in excess of that of the other limb. only 3 cases (9%) showed an over-growth of more than 10 mm, and the majority were less than 10 mm. The other 11 cases showed no change, and 6 cases (17.6%) showed retardation.
Among 14 cases with less than 10 mm shortening acceleration was seen in 11 cases (78.6%), and there were as many as 5 cases (35.7%) with an over-growth of more than 10 mm.
There were only 3 cases of no change and retardation. Two cases with more than 10 mm shortening were noticed to have an over-growth of more than 10 mm. Concerning lateral displacement, over-growth was noticed in 17 cases (5%) of 34 cases with no displacement, and there was only one case with an over-growth of more than 10 mm. Among 27 cases with lateral displacement within the width of the diaphysis, over-growth was noticed in 19 cases (70.4%), of which 9 cases (33.3%) were noticed to have accelerated more than 10 mm (Table 10) .
Humeri: Acceleration of longitudinal growth was noticed in two cases of the humeri, one having a shortening of less than 10 mm, and the other a lateral displacement over the width of the diaphysis (Table 11 ). 
Relationship between Dislocation and Longitudinal Growth (Forearm)
As shown abo e, a higher rate of acceleration of growth was noticed in fractured bones which had healed with displacements remaining.
Also, many cases were noticed to have excessive over-growth where the degree of displacement was greater.
Elapse of time and change of longitudinal growth;
Observation was made on the relationship between the change of longitudinal growth and the elapse of time after the fracture.
It was noticed that there were no significant change in those, in which the period was less than a year, and a higher rate of over-growth was seen in those over a year. This over-growth was noticed to have continued even after 10 or more years (Table 13 & 14) . Further, a 2nd check, 5 years after the 1st, was made on 15 cases (5 femur and 10 tibiae) in order to observe their growth conditions, and acceleration of longitudinal growth was seen in many of the cases at the 2nd check (Table 15 ). Taking the above facts into consideration, Relationship between Years Elapsed and Longitudinal Gowth (Tibia) Developmental Change of Length at the 1st and 2nd Check it can be assumed that the stimulation of growth continues for quite a while after the fracture, and it is believed that over-growth is high during the period between one and three years after the fracture and it continues for several years thereafter.
Relationship between Yexrs Elapsed and Longitudinal Growth (Femur)

Change of longitudinal growth in fractured bone and its effect on the adjacent bone:
Observation was made on the changes of longitudinal growth in both the femur and tibia.
Observing the change of the tibia in relation to the fractured femur, it was noticed that 12 (33.3%) of 36 tibiae showed acceleration of longitudinal growth, 16 (44.4%) showed no change, and 36 (22.2%) showed retardation. Among the 12 cases that produced excessive over-growth of more than 10 mm in the fractured femur, it was recognized that there were 5 cases (41.7%) with over-growth of the tibia, and 2 cases (16.7%) with retardation of growth.
Over-growth was recognized also in the tibiae in all of the 3 fractured femurs with retardation of growth (Table 16 ). AND  TSUKASA  MURAY AMA   TABLE  16 .
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Relationship between the Length of the Femur and that of the Tibia in the Fractured Femur
Over-growth of the femur was recognized in 16 cases (30.8%) of 52 fractured tibiae, no chage in 23 cases (44.2% ), and retardation in 13 cases (25%). This tendency is believed to be approximately the same as that of the cases with femoral fractures. Among 6 cases with retardation of growth in fractured tibiae, both acceleration and retardation were seen in 3 femurs (Table 17 ). Relationship between the Length of the Femur and That of the Tibia in the Fractured Tibia 7. The relationship between the operation and the over-growth of fractured bones: Table 18 shows the change of longitudinal growth in the cases of operated fractures.
Comparing the operated and non-operated cases with an excessive over-growth of more than 10 mm in the fractured femur, cases of over-growth were noticed to be a little higher in the operated cases, namely, 5 cases (38.4%) of 13 operated cases and 7 cases (30.4%) of 23 non-operated cases (Table 19 ). 
Acceleration of Longitudinal Growth According to the Method of Treatment
II. Spontaneous correction of displacement:
Observation was made on the spontaneous correction of the lateral and the bending displacement, comparing the X-ray findings at the end of the treatment with those at survey, care was taken in operating the X-ray camera in order to take the photographs in the same position.
1. Spontaneous correction of lateral displacement. Femur:
In the fractured femurs with lateral displacement within 1/2 width of the diaphysis, the bone marrow connected almost completely after a year or so, showing a slight thickening of the cortex, and the remodelling was completed after an elapse of 3 or 4 years.
Although thickening of the cortex and a slight deformity were noticed even after a year in many cases with lateral displacement from 1/2 to a width of the diaphysis, the fractured femurs recovered almost to their original shapes after an elapse of 3 or 4 years (Fig. 1) .
In cases with a lateral displacement of a width or more of the diaphysis, the callus abundantly produced around the fracture sites decreased in size after one or 2 years, being absorbed from their convex sites and connected the proximal and distal fragments in slightly declining curves.
The bone marrow of both fragments had already begun to connect with each other (Fig. 2) . Generally, after 5 years, the longitudinal axis of the proximal and distal AND TSUKASA MURAYAMA 
Humeri:
One case with dislacement of 3/4 width of the diaphysis had almost completed its remodelling 14 months after the fracture (Fig.  9 ). The remodelling of two cases with displacment of a width of the diaphysis was completed at the time of survey, which was 6 and 8 years after the fractures. Forearms:
Cases with displacement of 1/2 width of the diaphysis had completed remodelling within 2 years, and correction of one case with displacement of a width of the diaphysis was completed within 5 years after the fracture (Fig.  10 ). Table 20 . The results obtained were as follows:
1.
In fractures of the shaft of long bones an acceleration of growth occurred more frequently, especially between the ages of 3 and 10 years, and over-growth was outstanding, and seemed to be relatively highly-involved when the fracture was near the metaphysis, provided that the epiphysis did not fuse in the meantime. The overgrowth was little oncerned with the type of fracture, and the larger the displacement the more advanced the over-growth. Over-growth occurred distinctly during the period of one to three years after injury and persisted afterward.
The authors believe that the over-growth which occurred after fracture will remain permanently. Nevertheless, as the limit of the over-growth was, in general, within 2 cm in the femur, 1.5 cm in the tibia and 1 cm in the humerus and the forearm, respectively, the shortening displacement to this extent did not necessarily need to be corrected by operation.
2.
The lateral displacement of a width of the disphysis in the femur and the humerus, and that of 1/2 width of the diaphysis in the tibia and forearm could almost be completely corrected spontaneously within several years.
The bending displacement proved to be corrected by 15 degrees in the femur and the humerus, by 10 degrees in the tibia and by 15 degrees in the forearm, but further investigation should be made on these limits of degrees. Correction of both the lateral and bending displacement advanced markedly for the first one or two years and then continued slowly. 
